Chronic pancreatitis (CP) is a common gastrointestinal illness, which affects the quality of life with substantial morbidity and mortality. The management includes medical, endoscopic and surgical approaches with the need for interaction between various specialties, calling for a concerted multidisciplinary approach. However, at the time of this publication, guidelines to establish care of these patients are lacking. This review provides the reader with a comprehensive overview of the studies summarizing the various treatment options available, including medical, surgical and endoscopic options. In addition, technological advances such as endoscopic retrograde cholangiopancreatogrophy, endoscopic shock wave lithotripsy and endoscopic ultrasound can now be offered with reasonable success for pancreatic decompression, stricture dilatation with stent placement, stone fragmentation, pseudocyst drainage, and other endoscopic interventions such as celiac plexus block for pain relief. We emphasize the endoscopic options in this review, and attempt to extract the most up to date information from the current literature. The treatment of CP and its complications are discussed extensively. Complications such as biliary strictures. pancreatic pseudocysts, and chronic pain are common issues that arise as long-term complications of CP. These often require endoscopic or surgical management and possibly a combination of approaches, however choosing amongst the various therapeutic and palliative modalities while weighing the risks and benefits, makes the management of CP challenging. Treatment goals should be not just to control symptoms but also to prevent disease progression. Our aim in this paper is to advocate and emphasize an evidence based approach for the management of CP and associated long term complications. 
INTRODUCTION
Chronic pancreatitis (CP) is debilitating illnesses, with a prevalence estimated between 4% to 5% [1] . The chronicity of CP and the frequent acute exacerbations significantly impact patients' quality of life. Alcohol is the most common etiology of CP in the western world. Sarles et al [2] reported that 60% to 70% of patients with CP have a 6 to 12 year history of alcohol abuse. Other common etiologies of CP include autoimmune pancreatitis, hypercalcemia, as well as idiopathic CP [3] . CP is characterized by irreversible damage that leads to fibrosis and necrosis of the pancreatic tissue [4] . This destruction of the pancreatic tissue manifests as abdominal pain, the most common presenting symptom of CP [5] [6] [7] [8] [9] . Steatorrhea and diabetes are other common presenting symptoms seen with the loss of endocrine and exocrine function of the pancreas [10] . Medical, endoscopic and surgical methods are available for management of CP. Medical management revolves around pain medications, fluid hydration and pancreatic enzyme supplementation surgery seem to be efficacious, at least in the short and mid term but is associated with high morbidity and mortality [11] [12] [13] . Technological advances such as endoscopic retrograde cholangiopancreatogrophy (ERCP), endoscopic shock wave lithotripsy (ESWL) and endoscopic ultrasound (EUS) can now be offered with reasonable success for pseudocyst drainage, stricture dilatation with stent placement, and other endoscopic interventions such as celiac plexus block or neurolysis for pain relief [14] . However, choosing amongst the various therapeutic and palliative modalities while weighing the risks and benefits, makes the management of CP challenging.
This review is focused on the current management of CP with emphasis on pain control and treatment of complications. We aim to provide the reader with the most up-to-date evidence on endoscopic modalities available for CP.
MANAGEMENT OF CP
Pain is the most common presenting symptom of CP, and ranges from mild discomfort to severe pain that often requires hospitalization. The origin of pain is much debated; and the consensus at this time is that the etiology of pain is multifactorial [4, [15] [16] [17] . It can be caused by pancreatic duct obstruction, which subsequently leads to ductal hypertension [9] . Pancreatic duct obstruction can be frequently caused by complications of CP such as pancreatic duct strictures, pseudocysts, intraductal stones, and sphincter stenosis [9] .
Medical management
Alcohol abuse is the most common cause of CP in the United States, and the association of binge drinking with acute exacerbation of abdominal pain in CP is well known. Therefore emphasis on alcohol cessation with offering resources on alcohol cessation such as support groups is the first step to manage CP. In addition to alcohol, smoking has also been shown to be an independent risk factor for both acute and CP [18] , and smoking cessation is equally important in patients with CP. If the avoidance of exacerbating factors fails to control flare-up of abdominal pain, pain medications should be considered for symptom relief.
Acetaminophen and non-steroidal anti-inflammatory agents should be used for pain relief, if there are no contraindications. Narcotics should never be the first line for control of pain and offering narcotics as first line of pain medication poses a real risk of addiction [16] . Pancreatic enzymes and antioxidants have also been shown to relieve pain in CP. Isakson and co-workers showed a 30% reduction in pain after treatment with oral enzyme preparations in a small number of patients with CP [19] . The mechanism through which enzymatic preparations work is presumed to be via a negative feedback pathway involving the pancreas, specifically involving the cholecystokinin pathway [20] . In recent years, this theory has been challenged by conflicting evidence [21] . It is well documented that in CP there is a decreased absorption of vitamins and minerals [22] . Deficiencies lead to increase in oxygen free radicals. There is some data to suggest that removal of oxygen free radicals may have an increased therapeutic effect in controlling pain [23] .
Endoscopic management
Advances in understanding the pathogenesis of CP combined with progress in technology have led to an emerging role of endoscopy in the management of CP. Experts believe that endoscopic management has an important role in patients [24] as a primary therapeutic measure in poor surgical candidates where medical management fails. Recent evidence by Díte et al [25] suggests that surgical outcomes were more durable than endoscopic therapy in patients with a dilated pancreatic duct (PD), stones and/ or strictures [25] . Cahen et al [26] recently reported better outcomes in pain control after surgery than with endoscopic intervention. Although these studies indicate surgery might be a better intervention than endoscopy, it needs to be pointed out that neither one of those studies came from centers using routinely ESWL, which is now incorporated into the management of patients with pancreatic stones [27] . Finally, endoscopy remains a highly effective intervention in patients with severe comorbidities and can also serve as a bridge to surgery [28] .
PANCREATIC STRICTURES
Pancreatic strictures can be caused by prior stones, recurrent inflammation or fibrosis [29] . In cases of pancreatic stricture, where malignancy is suspected it is crucial to obtain cross sectional imaging followed by endoscopic ultrasound with fine needle aspiration (EUS-FNA) of any pancreatic masses. In the absence of a definitive mass, pancreatic brushing should be performed, keeping in mind that the threshold for referral to surgery in those cases should be low [30] [31] [32] . The management of benign strictures includes dilation and stenting ( Figure 1 ). The number of strictures, the location of the strictures and the length of the stricture play key roles in determining the efficacy of endotherapy.
Symptomatic patients with a single stricture in the main PD in the head of the pancreas are the best candidates for ERCP with stenting [33] . It is generally accepted that patients with multiple strictures along the main PD, the so-called "chain of lakes" appearance, are not good candidates for endotherapy [33] . [34] summarized the available studies on this topic. The 15 series analysis has a total of 1500 patients. Among the 1500 patients, benefit was seen in 31%-100% of patients with a wide follow-up time period from 8-72 mo. An important finding from these studies was that complete stricture resolution is not needed for the resolution of pain.
The technique of stenting the PD in the event of strictures involves dilation prior to stenting. Dilation can be performed by wire guided balloons (4-6 mm), bougie or with a Soehendra stent retriever. Polyethylene pancreatic stents are then deployed for main pancreatic duct MPD stricture as large as possible to mimic a "pancreatico-duodenostomy" [12, 27, 33, 35, 36] . Pain relief is seen in 70%-94% of patients after stent placement (Table 1) . Ductal decompression is indicated if the main PD above the stricture is significantly dilated (large duct disease). The strategy remains that the stents are prophylactically exchanged every three months [37] . In some cases, the stent can get clogged, however it will continue to remain effective by what is known as the "wick" effect [38] . It is important to note, however, that after stent removal the rate of recurrence of a main PD stricture is high. In fact, Eleftherladis et al [39] reported the stricture relapse rate after a 2 year follow up period was as high as 38%, with these patients require repeat stenting.
Although the approach of multiple stents for PD strictures seems promising [40] [41] [42] , to our knowledge, at the time of writing, there have been no studies comparing single and multiple stenting procedures for PD strictures caused by CP.
For patient in whom conventional ERCP is not feasible or fails, access and decompression of the main pancreatic duct using EUS-guided pancreatography has increased the success for PD drainage [30] [31] [32] [43] [44] [45] . This constitutes a minimally invasive alternative to surgery in patient with altered anatomy or severe stone burden not responding to ESWL.
PANCREATIC STONES
Obstruction of the PD by calcified stones leads to increased pressure upstream from the stone causing increased intraductal hypertension. The data surrounding pancreatic stone removal is clear. Endoscopic therapy alone was found to be successful in 72% of patients with a 68% symptomatic improvement [35, 46, 47] . ESWL can relieve the elevated intraductal pressure by fragmentation of intraductal stone.
Upon fragmentation the stones can pass spontaneously [48, 49] , therefore ERCP is not obligatory unless there is an associated stricture. The primary limitation of ESWL is that it cannot be used to fragment larger stones. In such cases, laser lithotripsy might be more effective [50] [51] [52] [53] . In 2007, Dumonceau et al [54] compared ESWL alone with ESWL in conjunction with endoscopic drainage of the main PD for pain relief. Two years after intervention, they noted a similar decrease in the number of pain episodes per year. As such, it was concluded that [39] 100 70 69 70 Rosch et al [35] 1018 88 60 85 Eisendrath et al [104] 100 100 69 70 Layer et al [105] 66 NA 36 50 Cremer et al [106] 75 NR 37 94
NR: Not reported; NA: Not applicable.
techniques (CTDT) [69] [70] [71] . Our team [64] and others [72] have demonstrated that EUS-guided drainage and conventional transmural drainage techniques have fairly comparable rates of success and similar rates of complications if non bulging collection and patient at higher risk of bleeding are selectively drained using EGPD.
ENDOTHERAPY ON BILIARY DUCT

STRICTURES
Benign strictures can also form within the biliary ductal system in CP, and if left untreated can lead to jaundice, cholangitis and biliary cirrhosis [41, 73] . Traditionally benign biliary strictures in CP are treated by surgery, but as with all surgeries the procedure is invasive and can involve significant morbidity especially if patients have other accompanying co-morbidities such as CP and/or liver disease. Morbidity and mortality of surgical treatment of post-operative biliary strictures is low, with mortality rates ranging from 0%-2.2%, whereas post-operative morbidity rates approaching almost 43% in some studies [74] [75] [76] . The multiple stent placement technique was initially popularized by Costamagna et al [40] for the treatment of postoperative strictures. In their study, stricture resolution was observed in 95% of patients at stent removal, and at follow up (average time of 38 mo after stent removal) 84% of patients were pain free and only 10.5% (2 patients) had recurrence of stricture.
They reported good long term results in treatment of post-operative biliary strictures by insertion of plastic stents after greater than a ten year follow up. While, success is dependant on the number of sessions and the number of stents placed, it appears that this maybe a reasonable first-line option [42] . Several groups have studied biliary strictures and endoscopic approach to treatment, and in all cases average stricture resolution was reported between 10%-33% (Table 3 ) [57, [77] [78] [79] [80] [81] [82] [83] . ESWL alone was a safe and effective modality of treatment in reducing pain in CP with stone only disease and addition of endoscopic measures added costs to patient care, with no significant reduction in pain relief [54] . Endotherapy in conjunction with ESWL has been shown to increase stone clearance rates and to improve long-term outcomes [36, 49, [55] [56] [57] [58] [59] [60] in patients with stone and stricture disease. In one study Kozarek et al [36] were able to show that surgery was avoided in 80% of patients who underwent ESWL. with decrease in narcotic use and reduction in hospitalizations (Table 2) .
PANCREATIC PSEUDOCYSTS
A total of 20%-40% of patients with CP can develop this complication [61] . Intraductal hypertension within the main PD, or the rupture of a branching duct can lead to formation of pseudocysts. Pseudocysts [62] who fail to resolve spontaneously and are symptomatic require drainage. Drainage is indicated if there is pain, infection or evidence of obstruction [61, 63, 64] . The modality employed for drainage is also important. There are two major routes of endoscopic drainagetransmural and transpapillary. The route chosen depends on the size, possible communication between the pseudocyst and the pancreatic duct. There appears to be a trend in the literature for transmural drainage versus transpapillary [65] with an attempt to seal any possible leak or draining a proximal duct by crossing a stricture [65] . Several studies place the technical success of transmural drainage of pseudocyst at 85%-100%. The recurrence rate range from 10%-15% with complications between 10%-34% [63, [66] [67] [68] . In recent years, EUS-guided pseudocyst (EGPD) drainage has gained in popularity since it allow to avoid intervening vessels and target more challenging collections safely when compared to conventional transmural drainage Sauerbruch et al [107] 8 8 8 11 Den Toom et al [108] 8 8 (7 pain relief) 8 17 Sauerbruch et al [109] 24 24 24 24 Delhaye et al [60] 123 88 123 Schneider et al [110] 50 39 48 20 Van der Hul et al [111] 17 17 17 30 Wolf et al [112] 12 9 12 19-22 Schreiber et al [113] 10 7 10 12 Johanns et al [114] 35 23 16 NA Ohara et al [115] Uncovered metal stents have also been evaluated. Since biliary strictures related to CP can be difficult to treat with plastic stents, there have been several studies that examined the use of uncovered self-expanding metal stents (USEMS) in patients with primarily CP [84] [85] [86] [87] .
Deviere et al [85] deployed USEMS in patients (n = 20) with CP, and initially demonstrated relief of cholestasis for up to 33 mo for 18 patients. Repeat ERCP 3 mo later demonstrated that the stent was embedded within the bile duct wall. All subsequent studies confirmed that uncovered metal stents proved to be problematic due to epithelial hyperplasia, occlusion, and the inability to easily remove the stent without overwhelming evidence of improved patency or stricture resolution [88] . This lack of removability also predisposes the patient to chronic inflammation and a potential for cholangiocarcinoma.
Covered metal stent, partially or fully covered have been used, with stricture resolution for partially covered metal stent [89] noted to be about 77% in CP, whereas fully covered metal stents provided a success rate of 83% [90] . Given the limitations noted with uncovered stents, and in an effort to improve patency, partially covered selfexpanding metal stents (PCMS) were assessed in this biliary stricture related to CP. They were noted to be easier to remove, offering the option of temporary placement [91] [92] [93] . Cantù et al [94] placed PCMS in patients with CP and associated common duct stricture who failed prior plastic stent therapy. All the patients responded initially but with a median follow up of 22 mo (range 12-33 mo), 7 patients developed stent dysfunction, requiring re-intervention. Stent patency, however, decreased over time, from 100% at 12 mo to 37.5% at 36 mo and none of the PCMS were removed during the study period, demonstrating that PCMS left in place over time decrease in patency, requiring additional endoscopic interventions [94] . Another similar study deployed PCMS in 6 patients with limited patency (2/6) at 35 mo (range 33-37 mo) follow up. In addition, this study compared uncovered (n = 18) to PCMS and found longer patency with uncovered stents (mean 46 mo vs 20 mo, P = 0.002), although overall follow up was much longer for uncovered stents (mean 61 mo), which could account for the significant difference [86] . Kahaleh et al [95] performed the largest series of patients (n = 79) with partially covered metal stents coated with Permalume (Wallstent, Boston Scientific, Natick, MA). Sixty five patients had stent left in place for a median of 4 mo (range 1-28 mo) and removed once successful treatment was confirmed. Follow up after stent removal was a median of 12 mo (range 3-26 mo). Three patients developed a stricture at uncovered proximal portion, 3 failed primary therapy and 2 developed duodenal edema preventing SEMS insertion, resulting in 90% success (59/65). Successful resolution of the stricture was noted to be lowest with strictures related to CP (17/22, 77%) [95] . As a follow up to this study, Sauer et al [96] further analyzed long term response of those patients. Notably, migration occurred with 15 stents, as well as intimal hyperplasia and stent embedment into the mucosa in 7 patients each respectively [96] .
Fully-covered self-expandable metal stents
With limitations related to partially covered metal stents namely epithelial hyperplasia at the uncovered portions and migration, fully covered metal stents (FCSEMS) were then tried in this indication (Figure 2 ). Cahen et al [97] published a series of 6 patients with strictures resulting from CP receiving FCSEMS (Hanaro; M.I.Tech Co., Ltd., Seoul, South Korea), with 66% resolution, however 2 stents were unable to be removed requiring plastic stents placement through the other metal stent. More recently, Mahajan et al [90] analyzed a FCSEMS with anchoring fins (Viabil, Conmed, Utica, NY) to treat benign biliary strictures. A total of 44 patients (28 men, median age 53.5 years) were included. Etiologies included 19 CP. Complications were observed in 6/44 (14%) patients after placement, and 4/44 (9%) patients after removal, mainly pain and post ERCP pancreatitis. Lower rate of resolution was seen with CP (58%) and moderate difficulty in deploying and removing the stent due to its anchoring fins proved to be limitations in its widespread use. The anchoring fins also caused ulceration and bleeding with stent extraction [90] . A follow up study came from the same group with 55 patients and subsequent mean stent time of 126 ± 74 d and follow up of 524.2 ± 297.7 d. The success rate was 67% for those with CP and 71% for other etiologies [96] . The data that we are seeing in literature on FCSEMS are promising, but larger randomized control trials are needed to evaluate this treatment modality. It is conclusive however, that endotherapy in treatment of biliary strictures is a good option for high risk surgical patients and for those who prefer a less invasive approach.
EUS-GUIDED CELIAC PLEXUS BLOCK
Celiac plexus block (CPB) is performed via a gastric approach using EUS-guidance and has high success rates and relatively low complication rates. EUS-guided CPB is preferred over CT-guided CPB not only because there are fewer side effects [98] but also because of clarity obtained via EUS. CPB can be performed by injection of anesthetics and/or steroids. Celiac plexus neurolysis, used for pain secondary to malignancy, is similar but involves injection of pure ethanol which results in complete destruction of the celiac plexus. EUS allows for live imaging of the celiac space which improves visualization. EUS guided celiac plexus block improves pain in about 50% of patients for a period of 3-6 mo [98] . In a prospective randomized study, Gress et al [98, 99] compared EUS to CT-guided CPB for the treatment of CP pain and discovered that about 50% of patients in the EUS group had significant pain reduction. In addition, about 40% (8 wk group) and 30% (24 wk group) of the EUS-guided CPB had continued benefit. This, when compared to 12% (12 wk) in the CT-guided CPB, clearly suggest superiority of the EUS method.
Several retrospective and prospective studies have put the success rate was as high as 95% [98] [99] [100] [101] . While technical success has been high, long term pain relief are disappointing. Short-term pain improvement was approximately 50%, whereas long term pain relief at 24 wk was only 10%. A similar number has been achieved for shortterm pain relief by Kaufman et al [102] . Given the low long-term success rates, EUS-guided celiac block should be considered as a temporary measure. It should be considered in acute flares of chronic pain in those patients with limited options.
Surgical options
Advances in understanding the pathogenesis of CP combined with progress in technology have led to an emerging role of endoscopy in the management of CP. Experts believe that endoscopic management has an important role in patients [24] as a primary therapeutic measure in poor surgical candidates where medical management fails. Recent evidence by Díte et al [25] suggests that surgical outcomes were more durable than endoscopic therapy in patients with a dilated PD, stones and/or strictures. Cahen et al [26] recently reported better outcomes in pain control after surgery than with endoscopic intervention. Although these recent studies that indicate surgery as a better intervention than endoscopy, endoscopy is a highly effective intervention especially in patients who are highrisk surgical candidates especially if combined to ESWL. Delhaye et al [28] , concluded that endotherapy can also serve as a bridge to surgery.
Díte et al [25] analyzed patients with CP secondary to large duct CP and compared endoscopic therapy to lateral pancreatojejunostomy procedure, and found that in the randomized and the non-randomized groups the results were similar. Moreover, on a five year follow up, patients in the surgery group were more likely to be pain free than in the endoscopic group. Cahen et al [26] also reported similar results. The primary difference between the two studies was that in the former study, endoscopic techniques were not optimized. Specifically, it did not involve patients undergoing cumulative stenting, or repeat treatment after recurrence, and it did not include ESWL.
CONCLUSION
CP is a disabling disease with serious complications affecting quality of life. There have been significant advances particularly on the endoscopic front with advent of endoscopic techniques such as pancreatic stenting, ESWL, pseudocyst drainage and EUS-guided access and therapy. A multidisciplinary team approach with judicious and appropriate utilization of the medical, endoscopic and surgical treatment options holds promise to revolutionize patient care. Given the variability in the presentation and patient preferences, treatment should be tailored on a case-to-case basis. 
